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THS  AOID-BASS  CATALYSIS  OP  HYDROGSK 
ISOTOPE  EXCHANGE  REACTIONS 

following  la  the  translation  of  an  article 
by  A,  I,  Shatenshteyn,  Ye,  N.  Zvyagintseva, 

Ye,  A,  Yakoleva,  Ye,  A,  Izrailevich,  Ya.  M, 
Varshavskiy,  M.  0,  Lozhkina,  and  A,  V, 

Vedeneyev  entitled  0  Klslotno-osnovnom 
Katalize  Reaktsly  Izotopnogo  Obmena  Bodoroda 
(The  Acid-base  Catalysis  of  Hydrogen  - 

Isotope  Exchange  Reactions)  pages  218-2334/ 

I,  INTRODUCTION 

When  heavy  water  became  available  it  was  utilized  for 
the  study  of  acid-base  catalysis.  Comparison  of  the  chemical 
reaction  velocities,  catalized  by  acids  and  bases  in  ordinary 
and  heavy  water,  disclosed  deceleration  as  well  as  accelera¬ 
tion  of  reactions  in  heavy  water.  The  sign  of  the  isotope 
effect  indicates  which  stage  of  speed  determines  the 
kinetics  reaction.  With  acid  catalysis,  such  stages  arej 
Joining  of  proton  (deuteron)  to  the  reacting  substance  — 
substractlon  and  disintegration  of  the  complex  /1-5/. 

Acids  and  bases  catalyze  the  hydrogen  isotope  ex¬ 
change  reactions  In  substances  dissolved  in  heavy  water. 

There  are  many  observations  concerning  homogeneous  catalysis 
of  the  hydrogen  exchange  reactions.  However,  quantitative 
measurements  of  their  velocity  and  activating  energy  are 
comparatively  scarce  /t-3/. 

The  area  of  hydrogen  exchange  reactions  broadened 
when  Instead  of  heavy  water  other  compounds  of  deuterium 
and  new  catalyzers  became  available.  Ingold  and  coworkers 
/6/  were  first  in  accomplishing  Isotope  exchange  of 
hydrogen  D2302j_  and  some  saturated  hydrocarbons.  The  study 

of  the  latter  was  offered  by  American  authors  (Buwell  and 
?rordon,  Beeok  and  Stevenson  /7/)  and  by  D,  N,  Kursanov 
jointly  with  V.  N.  Setfcina  /8A  Polaneyi  with  coworkers 
and  Elit  and  Langseth  /9/  discovered  that  the  hydrogen 
exchange  between  OgHg  and  DOl  in  the  presence  of  AIOI3 

occurs  rapidly  even  at  room  temperature,  Kharash  with 
coworkers  /IO/  used  C2H5OD  for  hydrogen  exchange  because 

organic  substances  dissolve  better  in  it  than  in  water. 

Brown  /tl/  accomplished  some  exchange  reactions  with 
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GHjCOgD  by  weans  of  sulfuric  acid  catalysis* 

Ifbile  studying  hydrogen  exchange  in  nonwater  solutions, 
our  laboratory  at  first  used  very  stron?*  bases  and  acids 
(for  Instance,  KD3,  DBr,  BBr+AlBr-**  DF,  DF+BF3). 

w'e  calculated  that  this  would  result  in  deeper  understanding 
of  the  type  and  of  the  rules  governing  these  reactions  and 
Make  clearer  their  siechanism;  we  also  hoped  to  obtain  new 
information  on  the  reaction  ability  and  aoldity-basiclty  of 
organic  compounds  in  connection  with  their  structure  and 
physical  and  ohemical  properties  of  the  reacting  medlura, 
fhe  results  of  the  laboratory  works  were  discussed,  in  reviev;ed 
articles  d.evoted  to  the  mechanism  of  the  hydrogen  exchange  in 
aolations  /t2/,  reaction  ability  of  organic  substances  /13/ 
and  aeidlty-beslcity  of  hydixscarbons  /l4/.  This  report  on 
a.cid«basls  catalyais  of  the  hydrogen  exchange  reactions  is 
a.  genoraliaation  of  the  results  of  mostly  unpublished  works 
conducted  by  Ye*  N,  Zvyagintseva,  Ye,  A,  Yakovleva,  Ye*  A, 
Isr^allevich,  Ya,  M,  Varshavskiy, 'M*  G,  Lozhkina,  and  A,  V* 
Vedeneyev,* 


2.  .RULES  OP  ACID-BASIS  CATALYSIS 

Woile  discussing  acid-basis  catalysis  of  hydrogen 
exchange  reactions,  w©  must  first  of  all  consider  rales 
established  for  homogeneous  catalysis  In  solutions  /2/, 

Such  is  the  well-known  equation  of  Brensted:  the  reaction 
velocity  constant  is  proportional  to  the  constant  of  the 
catalyzer  disaoclation  in  &  degree  leas  than  one,  k—gK^. 

Similar  relationsh5.ps  discrlbe  the  effect  of  changing  force 
of  the  substratum  as  protollte  at  the  asaiffned  eatalizer 
/1 5,  2/. 

Upon  catalysis  by  concentrated  solutio.as  of  acids 
an  equation  of  Hammett  /I 6/  is  usually  observed:  the 
logarithms  of  the  reaction  velocity  constant  are  propor¬ 
tional  to  the  function  of  the  acidity  of  the  acid  Ho*  The 
fmiotion  Ho  expresses  the  degree  of  ease  of  the  proton 
transition  to  the  uncharged  molecule  of  the  baaia, 

IgA'n^gjj* 

«.= - 2^' 

Where  Kb  la  a  reaction  equilibrium  constant  BH+izi 

A  b  . . 

'’BH+ 

*The  work  waa  aocoffipllshed  Jointly  with  A,  I,  Shatenshteyn, 
who  compiled  this  report. 
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Hlne  /t?/  recorded  the  applicability  of  rules  of 
general  catalysis  by  bases  to  isotope  hydrogen  exchange 
between  chloroform  and  water* 

According  to  Beeok  and  Stevenson  /I 8/,  the  Hammett 
rule  la  justified  upon  Isotope  exchange  of  hydrogen  between 
isobutane  and  sulfuric  acid,  and  Gold,  Long,  and  Satchell 
/1 9/  substantiated  it  upon  the  exchange  of  hydrogen  between 
anthracene  and  sulfuric  acid  of  various  concentrations,  and 
also  upon  catalysis  of  sulfuric,  hydrochloric,  and  phospho¬ 
rus  acids  of  the  hydrogen  exchange  in  tenaene,  p-nitrophene 
and  p-oresol* 

In  cases  when  we  deal  with  solvents  which  are  strong 
protolithlc  agents,  the  noted  relationships  of  Brensted  is 
impossible  to  authenticate  quantitatively  In  view  of  the 
absence  of  a  dissociation  constant  for  such  systems*  They 
can  be  conformed  qualitatively.  For  instance,  there  is  a 
parallelism  between  the  velocity  of  the  hydrogen  exchange 
reactions,  catalized  by  a  solution  of  potassium  amide  in 
liquid  deuteroammonlum,  and  the  relative  acidity  of  the 
hydrocarbons,  expi^ased  In  a  form  of  a  conditional  dis¬ 
sociation  constant,  determined  by  Oonant  and  Wheland  accord¬ 
ing  to  the  degree  of  equilibrium  dl placement  with  partiol* 
pation  of  alkali-organic  compounds  /20,  21,  l4/»  rela¬ 

tive  velocity  of  hydrogen  exchange  between  hydrocarbons  and 
the  acid-solvents  is  comparable  to  the  degree  of  basicity 
of  the  hydrocarbons,  established  by  other  means  /14/. 

For  such  solvents  as  liquid  HBr  and  HP,  and  also 
solutions  of  AlBr^  in  liquid  HBr  and  of  BPj  in  liquid  HP, 

the  fimction  of  acidity  was  not  determined  and  the  authen¬ 
tication  of  the  Hammett  equation  is  as  yet  Impossible. 

The  methods  of  comparison  of  alkalinity  of  strong 
basis  are  almost  undeveloped.  Upon  oatalysls  with  a  base, 
the  relationship  of  the  base  to  proton  (expressed  In  large 
calories)  has  importance,  but  the  existing  data  Is  scarce? 
for  instance,  for  the  substances  of  intex*est  to  us,  the 
following  values  were  found?  .  . 

NII][  (419),  Oii^  ^),  NH,  (214).  HtO  (180). 

For  the  noted  reasons,  it  la  necessary  at  this  time 
to  limit  ourselves  to  qualitative  discussion  of  results 
‘obtained  with  reference  to  homogenous  oatalysls  of  the 
exchange  reactions  in  the  mentinned  solvents,  though  the 
results  by  themselves  in  the  majority  of  cases  are  of  a 
qualitative  character. 

3.  PROPERTIES  OP  SOLVENTS 

Table  I  contains  protophlllc,  amphoteric,  and  proto- 
genic  solvents  with  which  our  laboratory  conducted  reactions 
of  hydrogen  exchange?  it  also  contains  the  dielectric 
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constants  (DP)  and  the  dipole  moments.  The  strongest  base 
is  placed  at  the  top  of  the  table  and  the  strongest  acid  at 
the  bottom  of  the  table.  In  view  of  the  lack  of  a  practical¬ 
ly  useful  single  scale  of  acidity-basicity,  it  was  necessary 
for  us  to  be  guided  by  constants  of  dissociation  in  water 
-olutlons  (pKp  Q  =  -IgKg  p).  As  to  application  to  substances 


themselves,  this  is  not  only  conditional  but  also  rather 
erroneous. 

Of  the  amphoteric  solvents,  the  table  presents  water 
nd  ethyl  alcohol.  Judging  by  some  works  /a2,  23/ »  their 
acid-base  properties  are  close  but  the  ethyl  alcohol  is  more 


acid  than  water. 


Table  1 

Dielectric  constants  and  dipole  moments  of  studied  solvents. 


Solvent 

Dielectric  ^  .,0,, 
conatsnt. 

_ -J .  . 

Mi 

14 

1.84 

1  NH1CH1CH2OH 

88 

2,27 

NHj 

16 

1,46 

NHtNH, 

52 

1|H4 

HO 

GsH|OH 

— 

26 

CHiCOOH 

47 

6 

1,73 

HP 

8,2 

80 

i,di 

1  BBr 

4 

0,70 

HI 

-II 

! 

(8) 

0,88 

The  DP  role  of  the  solvents  in  acid-base  equilibrium 
and  in  catalysis  is  foreseen  by  Brensted  theory,  in  connection 
ith  the  fact  that  this  theory  treats  the  acid-base  inter¬ 
action  as  a  process  of  proton  transition,  calling  in  the  case 
of  electroneutral  molecules  for  the  formation  of  ions.  It 
is  natural  that  the  latter  must  depend  on  the  DP  medium. 
However,  it  is  now  immediately  clear  that  the  Brensted 
theory  expresses  a  limiting  condition  of  those  processes 
which  accompany  acid-base  Interaction.  Many  facts  /24,  25, 

14)  allow  us  to  conclude  that  the  reactions  between  acids 
and  bases  proceed  through  a  stage  of  polarized  complexes, 
in  which  the  reagents  are  connected  by  means  of  a  hydrogen 
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bridge.  Depending  on  conditions  (among  the®  the  DP  of  the 
solvent)  the  reaction  may  stop  at  this  stage  or  be  completed 
hj  transition  of  the  proton  to  the  base  and  to  formation  of 
ions. 

Table  I  also  presents  dipole  moments  of  molecule  sol¬ 
vent  Sj  Inasmuch  as  their  polarity  rsnist  favor  the  ©mergence 
of  noted  complexes  due  to  dipole  interaction.  In  addition, 
the  dipole  solvent  participate  in  solvation  at  the  ©xjjsnse 
of  energy  which  facilitates  the  rupture  of  molecules  on  Ions. 
Participation  of  a  solvent  in  the  exchs-nge  reactions  is  made 
shar’ply  apparent  lii  the  case  of  catalyses  by  ions  (for 
example,  by  ior^s  of  C2H50~)  which  are  devoid  of  deuterium. 

When  we  deal  with  various  solvents  and  catalyzers 
it  is  important  to  know  hov;  the  velocity  of  isotope  exchange 
ohaages  during  the  transition  from  one  solvent  to  anothei'  in 
the  absence  or  with  the  addition  of  catalyzer.  It  is 
desirable  to  compare  the  activity  of  one  and  the  same  cataly¬ 
zer  in  various  solvents.  The  comparisons  are  handloaped 
by  the- fact  that  the  hydrogen  0-H  -bands  usually  very  slowly 
exchange  with  amphoteric  solutions  whereas  the  exchange 
velocity  with  basic  and  acid  advents  in  presence  of 
catalyzer  occasionally  Is  immensely  great, 

4.  COMPARISON  OP  DEUTSROEXOKANGE  WITH  eAMPHOTSRIC 
AND  PROTOPHILIO  30LVSKTS 

In  works  of  Ye.  H,  Zvyagintseva  there  is  an  attempt 
to  estimate  to  what  extent  the  velocity  of  the  hydrogen 
ezchang©  in  the  substances  (in  Indene,  acetophenone,  methyl- 
naphthyl  ketone)  varies  with  amphoteric  and  protophilic 
solvents  (deuteroalcohol  or  deuteroammoriium.)  and,  as  v;as 
said,  In  both  solvents  (Table  3),  Hydrogen  exchange  vflth 
alcohol  even  at  120-150®  proceeds  slower  than  with  ammonia 
at  Knowing  approximately  the  activating  energy  of  the 

isotope  exchange  in  ammonium  soiutloi'i  (for  indene  12  kcal, , 
for  ao  itophenone  tO  kcal.),  find  that  at  identical  tem¬ 
peratures  the  constants  of  the  reaction  velocities  la  both 
solvents  differ  by  4  to  6  orders.  Such  is  the  consequence 
of  the  great  protophilic  property  of  ammonia  in  comparison 
with  alcohol. 

¥©  supposed  that  the  ratio  of  the  reaction  velocity 
may  change  if  the  protolithic  function  of  the  substratum 
in  each  of  the  solvents  is  different.  For  verification  w© 
turned  to  the  methylated  nitrous  heterocyclic s-  quinaldine 
and  plcoli&e,  inasmuch  as  in  alcohol  solvent  they  are  bases, 
and  in  ammonltim  -  weak  acids  /26,  2?/. 

EjoDoriments  of  Ye,  K,  Zvyagintseva  indicated  that 
hydrogen  In  methyl  groups  of  quinaldine  and  plooline 
exchanges  with  alcohol  even  faster  than  with  ammonia. 


Table  2 

»loclty  of  the  hydrogen  exchange  of  eome  or$^nlc  subetancee 
with  deuteroaloohol  and  deuteroammonla. 


1  BemeCT»ti 

C,M*5D-f^H,0r 
(t  «.) 

pk  (HI) 
N0, 

nttn 

j 

pk  \ 

i-iii 

]50 

6 

. 

(0) 

m 

» 

0 

— 

3,4 

8,7 

0,8 

3AaeT0$eB0B 

120 

7 

— 

<M) 

M  1 

» 

0 

- - 

4,5 

5 

0,5 

^Mot8«Ha$i«aKeTOB 

120 

6 

.  ^ 

0 

— 

5<i‘JEyopCB 

2j 

— 

3,4 

V 

0,8 

m 

7 

, _ 

■,rn- 

... 

4  XBimwibAUH 

120 

6,2 

m 

7,2 

(4,5) 

7nRK<MtnH 

120 

7.4 

4,5 

9,4 

4 

—1 

•  p/fe  (oeK.-**), 


-eubstance;  2-lndene;  3*“acetophenon©;  4-*methyl naphthyl 
stone?  5-  fluorenej  6-quinaldinej  7-plcoline, 

aerefoi^,  the  relation  of  hydrogen  velocltlea  in  two  sol- 
snts  depends  not  only  on  protoll thlo  properties  of  these 
olvents  but  also  on  the  stmictural  peculiarities  of  the 
ub stratum* 

fo  what  extent  does  an  addition  of  alcoholate 
aange  the  velocity  of  the  exchange  in  alcohol  solutions? 
t*om  Table  2  it  is  apparent  that  upon  catalysis  by  In* 
Icoholate  solution  the  exchange  reactions  proceed  faster 
han  with  ammonia.  This  is  not  surprising,  because  the 
ffinity  of  the  ethoxy-ion  to  a  proton  in  kilocalories  is 
50  times  greater  than  the  affinity  of  the  ammonia  molecule* 
ndirect  comparison  indicates  that  in  the  first  group  of 
ubstances  (indene,  acetophenone),  in  the  presence  of  the 
gHj-O  ion,  hydrogen  exchanges  by  4-6  times,  and  in  groups 

f  heterocyoles  (qulnaldine,  picoline)  by  3  times,  faster 
han  in  pure  alcohol. 

In  experiments  with  alcohol  solution  of  alcoholate 
In,)  for  the  first  group  of  substances  k  is  greater  by 
.3-0.5  times  than  in  experiments  with  ammonia,  and  in 
eterocyeles  the  exchange  proceeds  with  a  speed  four  times* 
t  is  probable  that  this  occuranoe-analogous  with  non-iden- 
ical  change  of  dissociation  constants  of  variously  struo- 
ured  acids  -  Is  observed  upon  a  change  of  the  solvent* 
umerous  examples  of  similar  departure  from  Brensted  theory 
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are  described  in  works  of  N.  A,  IsanayXov  /25/ •  Oases  are 

known  when  the  corresponding  divergences 

stants  of  the  acid  dissociation  reach  up  to 

The  noted  deviation  ^from  Brensted  theo^  was 

by  M,  I.  Kobaohnik  /28/  upon  the  occasion  of  examining 

rejsralations  of  tautomeric  conversions, 

®  unexpected  was  the  acid 
exchange  in  Indene  by  alcohol  J|u 

tration  of  acid  solution  In,  k  =  z  ^voawft 

eatalvzer  k  =:  lO**®,  150®),  Koizumi  /29/  failed  to  observe 

?he  acceleration  of  the  exchange  "Ith  heayy  water  In 
nresence  of  DOl.  Verification  indicated  ^ 

in  the  methyl  group  toee  not  Shtoh 

with  alcoholates  in  deuteroalcohol  were  unaffected  after 
heating  the  substance  with  HCl  solution  in  ordinary  alcoho  • 
In  qulnaldlne,  however,  dissolved  In 

acid  and  the  base  catalyze  the  exchange  of  the  , 

of  hydrogen  (methyl  group),  and  at 

ly  those  atoms  which  exchange  with  deuteroammonlum.  This 

was  substantiated  by  appropri^e  ®3^®^i®®“^®* .  hvdroaen 
A  solution  of  KKD2  catalyzes  the  hydrogen 

exchange  many  times  greater  than  the  solution  of  alooholate 
f;  alSfhof  aM  tSis  is  in  conformity  vith  greater  proton 
affinity  of  ND2  and  1103  In  comparison  with  O2H5O  ana 

aoHcOD.  Let  us  illustrate  this  by  an  example  of  Ye.  N. 

Zvyagintseva* s  experiments  with  quinaldlne, 

the  reactions  of  hydrogen  exchange  with  02^5^® 

proceed  with  closely  identisal  v®^ ^ 

at  120®.  Upon  addition  of  a  base  ^®,^®I:^. 

exohan<re  veloelties  are  equal  (pk  =  4)  but  in  entirely 

dissimilar  conditions:  120®  for  0,1  n. 

late  in  alcohol  and  -30®  for  0.02  Snfis 

in  ammonium.  The  factual  concentration  ®^.^^J® 
even  much  smaller,  because  this  ion  is  neutralized  by 
quinaldlne  according  to  the  equation: 

< -f  r-,HgNCIir  +  NI>2*>* 

Let  us  cite  another  example,  whe^  the  J^^®^®^®® 
(nanhthalene )  is  such  a  weak  acid  that  its  neutralization 
of  the  amide  oan  be  ne^ected.  Accor^ng 
by  Ye.  A.  Izrailevich  /30/,  after  heating  _ 

nkphtbalene  in  liquid  ND  of 

to  IOO'JS  for  the  duration  of  100  hrs  at  120  the  water  01 

combustion  of  naphthalene  ^ 

^  deuterium.  Therefore,  k^gS"^  ^ 
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<Satalyzlng  with  0.01  n.  of  KNDg  the  velocity  constant  is 
expressed  as  follows: 

&=s=10ff  •  e-*®*®^'*^* 

Allowing  that  the  velocity  constant  Is  proportional  to  the 
catalyzer  concentration,  which  Is  not  exactly  accurate,  we 
find  for  In,  solution  KNDgKslO^.  Therefore  ElfDg  speeds  up 

the  Inaction  by  at  least  10  orders. 

In  consequence  of  very  hl^  catalytic  action  of 
potassium  amide,  the  measurement  of  the  exchange  velocity 
can  be  achieved  only  in  a  comparatively  narrow  interval 
of  concentration.  With  increase  of  the  amide  concentration 
from  0,01  to  0.43  n.,  the  hydrogen  exchange  velocity  in 
benzene  (Table  3)  Increases  only  23  times.  It  is  proportion¬ 
al  to  amide  concentration  only  in  the  area  of  low  concen¬ 
trations  /30/: 


Table  3 

Relationship  between  the  hydrogen  exchange  velocity  in 
benzene  and  the  concentration  of  deutero— treated  potassium 

amide,* 


- - — ^ 

r  ■  ^ 

. 

KNC, 

»,0I 

. 

O.OSi 

o.os» 

o.tt 

0.43 

e/ci 

1 

M 

5,9 

19 

48 

k/k, 

i, 

:,8 

2,0 

f  ■  ‘ 

9,5 

23 

•  e,  0*01  ».  »»  4,*  ^  10^  npii  25*^. 

It  appears  that  the  lagging  of  K  with  increase  of 
concentration  is  connected  with  considerable  inter-ion 
interaction  because  of  low  DP  (Dias,  constant)  of  liquid 
ammonium  and  is  due  to  formation  of  ion-pairs  between 
]!1D5  and  K'*'.  A  similar  concentration  effect  was  noted 

earlier  upon  study  of  acid  catalysis  i*eactlonB  of  ammonolls 
ammonium  (see  /31/»  page  284). 

A  solution  of  ENO2  in  KD,  so  strongly  catalyzes 
reactions  of  hydrogen  exchange  that  Xe,  A,  Izrailevich 
accomplished  partial  hydrogen  exchange  in  saturated 
hydrocarbons  (Table  4).  In  truth,  the  experiments  were 
continued  at  high  temp*rature  (110-120®)  for  hundreds  of  hours'^ 

'**S:3U)e rimen t s  were  conducted  in  ampulla s  o£  non-rusting 
steel,  rnerefore  a  catalytic  effect  of  the  container  walls 
is  not  excluded.  However,  cont3?ol  experiment  with  methylcy- 
clohexane,  conducted  in  glass  ampullas  (with  counter-pres¬ 
sure),  marked  with  an  asterisk.  Indicate  that  the  isozope 
hydrogen  exchange  in  saturated  hydrocarbon  proceeds  upon 
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but  the  exchange  was  sufficient3.y  measurable}  18^  deuterium 
was  introduced  into  the  substance ,  In  Table  4  the  follow¬ 
ing  designations  are  usedt 

X  -duration  of  experiment  in  hrs* 

CKKp-affiide  concentration  (n, ) 

CB-concentration  of  deuterium  in  solvent, 
c£-concentration  of  deuterium  in  the  water  of  Ignited 
substances  (atom,  %)• 

n-number  of  hydrogen  atoms  changed  Into  deuterium. 
There  is  a  noticeable  drop  in  the  degree  of  the 
exchange  with  the  increase  of  the  catalyzer  up  to  8n,  This 
bservation  recjuirea  additional  verification. 


Table  4 

Hydrogen  exchange  catalyzed  by  potassium  amide  in  saturated 

hydrocarbons. 


1  a«QieeT»o 

^  r.'wcu 

•XND, 

■  i 

'p  feiscas 

ISOO 

3 

10,5 

1,8 

1 

i 

jVresTsua 

170 

0,8 

35 

13,1 

■i,i  1 

S  » 

400 

95 

3,3 

0,5  1 

i  * 

500 

1 

35 

17,6 

3,0  ! 

» 

1300 

3 

1(^6 

2,» 

3,5 

180 

OtB 

95 

3,5 

1,0 

4^ 

*  8 

95 

0,4 

0,1 

* 

1300 

3 

10,5 

1,6 

»,7 

i0  UisKJs<>n^Kc^» 

180 

0,8  j 

95 

5^8 

0,7 

1300 

3  I 

I0»5 

3,3 

3,4 

f  MetmauKKnorefccsK 

206 

* 

50 

3,76 

• 

500* 

1  1 

50 

7,45 

2»0 

■J^see  reference  of  preceding 
t -substance;  a-hours;  3 
6-oyclohexane;  7-oyclopentane; 


j-hexane ; 


4-hepta.ns;  5-  decalin; 
8-methylcy clohexane , 


5,  COMPARISON  OP  VELOCITIES  OP  DEUTEROSXGHAK(® 
¥ITH  AMPHOTERIC  AND  PROTOCENIO  SOLVENTS. 


¥e  shall  try  to  estimate  to  what  extent  the  exchange 
reaction  is  speeded  up  if  instead  of  water  we  select  ^rlous 
acid  solvents  and  also  use  catalyzers.  According  to  aaaii 

cataiysis'  with  potassium  amide  and  in  the  absence  of 

metal , 
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and  Wolf den  /32/»  the  heating  of  a  phenol  solution  In  heavy 
;atei*  at  tOO'^  causes  exchange  of  two  atoms  of  hydrogen  of 
the  aromatic  ring  after  400  hours;  that  la,,  taking  Into 
account  three  atoms  of  hydrogen.  According  to  Koizumi  /33/ » 
in  a  0.5  n  solution  of  hydrochloric  acid  at  tOOO  two  atoms 
of  hydrogen  exchange  every  two  hours  (k=10“58ec.“ • ).  A,  V, 
Vedeneyev  /54/  demonstrated  that  with  liquid  deuterium 
bromide,  three  atoms  of  hydrogen  exchange  immeasurably  fast 
even  at  room  temperature.  Just  as  fast  goes  the  reaction 
between  DBr  and  anlsole  /34/  but,  judging  by  Brown  /t1/ 
measurements,  with  icecold  (glacial)  acetic  acid  anlsole 
does  not  exchange  hydrogen  upon  heating  to  90^  for  two  days. 
Addition  of  su3.furlc  acid  (^O.t  n.  solution  in  glacial 
acetic  acid)  causes  under  the  same  conditions  an  exchange  of 
more  than  two  atoms  of  hydrogen  /tl/  (Table  5)* 

We  shall  conditionally  accept  for  the  reaction  of  i,ne 
exchange  between  CgH^OH  and  I)2®^50  kcal.  and  assume 

that  the  constant  of  the  velocity  exchange  between  GgH^OH 

and  DBr  is  k  <  5.10“^  sec.-"**  In  this  case,  the  velocity 
reactions  Is  the  two  mentioned  solvents  differ  by  at  least 
6  to  8  orders.  ... 

Hydrogen  exchange  with  liquid  deuterium  bromide  is 
stronp;ly  catalyzed  by  aluminum  bromide*  At  concentration 
mole  AlBr3  on  1000  g.  DBr  the  hydrogen  of  benzene 

.xchanges  immeasurably  fast  at  room  temperature  and  very 
fast  at  low  temperature:  during  the  time  of  cooling  of  the 
solution  and  evaporation  of  the  solvent  (5-7  min.)  there  is 
an  eouilibrium  distribution  of  deuterium,  corresponding  to 
-  temperature  -50®  -700  /35,  36/.  In  absence  of  a  catalyzer, 
i,he  hydrogen  In^benzene .  exchanges  with  liquid  DBr  exceedingly 
slow:  k  =  5.10-S  sec,  at  20®  /37/*  Therefore,  though  the 
estimates  appear  to  be  very  roughly  approximate,  it  is  clear 
that  the  hydrogen  exchange  velocities  in  organic  substances 
with  DpO  and  AlBr-*  in  liquid  DBr  differ  by  no  less  than  20 
orders.  Catalysis  by  aluminum  bromide  is  explained  by 

reaction  S-t-DBr+AlBrj  SD"*"  -|-AIBr^ ,  where  S  = 

subtratum.  In  this  reaction  no  free  ions  are  formed. 

As  a  result  of  exceedingly  high  catalytic  activity 
of  aluminum  bromide  solution  in  liquid  hydrogen  bi»omlde, 
there  appeared  to  be  a  poBslblilty  of  the  occurrence  of 
hydrogen  exchange  even  in  allcyclic  hydi^oarbons.  Hydrogen 
exchs-nge  in  cyclohexane  was  noted  by  Ya,  M*  Varshavskiy  and 
S.  E.  Vaisberg  /38,  39/;  and  K.  I.  Zhdanova,  V.  P.  Efelina- 
ohenko  and  L.  N.  Vinogradov  /35/  measured  its  velocity 
approximately.  At  =:10“2  mole/lOOO  DBr  k  ^^10  sec  . 
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Th©  velocity  exchange  constant  of  the  reaction  is  apprK>xl!aa- 
tely  proportional  to  the  concentration  of  AlBr^,  hydrocarbons 

Table  5 


1 

1, 

«,  •»cu 

i 

«  i 

. 

<S>mm 

DjO 

jM-t  .L.xrfi.  ..JIU.-l  ........i.  L 

■ 

100 

m 

2 

t  i  • 

♦ 

HCI  (0.5  B.) 

100 

2  . 

2 

DBr 

20 

<0,2 

a 

» 

20 

72 

a 

DF 

n 

<0,1 

S,H 

» 

— 

25 

1 

4,5 

CH^)iD 

90 

48 

DjSO*  (0.1  a.) 

90 

47 

%* 

% 

DBr 

— 

20 

<0,2 

s 

,  % 

DF 

-  .  . 

J&0 

<0,06 

%  » 

,  - 

25 

1 

4,8 

DBr 

— 

20 

<0,2 

6 

\  *  ^ 

150 

6 

1  »  » 

DF 

— 

20 

<0,1 

7 

j  »  » 

1 

— 

25 

io 

1 -substance?  2-eoSvent;  3~catalyzer;  4-hours;  5-  phenol; 
6-anisol©;  7-diphenyl  ether. 

with  s.  tertiary  atom  of  carbon  exchange  hydrogen  with 
liquid  SF  in  absence  of  catalyzer  (Table  6),  The  reaction 
velocity  increases  upon  addition  of  which,  in  liquid 

deuterium  fluoride,  is  an  acidic  catalyzer  because  it  die- 
phcea  the  equilibrium  of  Ionization  of  the  solvent  by  adding 
an  ion  of  fluorine;  *S?-f DF+BF, 50+-fBF;- *. 

Oomplex  formation  manifests  Itself  by  an  increase  of 
solubility  of  many  substances,  in  coloring  of  the  solutions. 
Upon  catalysis  with  BP^  (0,4  moli.tOOO  g  DP)  there 

occurs  an  exchange  even  in  a  saturated  hydrocarbon  not 
possessing  tertlal  atom  of  carbon  and  nonlsometrio  (cyclo- 
pentane)  according  to  the  available  data.  Therefore,  In 
order  to  achieve  hydrogen  exchange  between  a  saturated 
hydrocarbon  and  an  acid,  the  presence  of  tertlal  carbon 

liquid  DP  ionization  occurs  much  easier  than  in  DBr, 
but  the  free  ions,  probably,  do  not  form  in  all  cases. 
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^  t*  ^Ckl 

3  ercneBb 
otfiiem  CU 

2000 

1  . 

200 

100 

SSO 

80 

16 

80 

no 

60 

7 

BO 

24 

70 

atom  and  the  presence  of  an  oxidizer  are  not  obligatory » 
but  the  acid  catalysis  Is  of  Importance.  .  *  - 

Experiments  were  conducted  by  shaking  In  yl®w  or 
the  poor  solubility  of  the  mentioned  substances  in  liquid  DF. 

Table  6 

Hydrogen  exchange  of  some  saturated  hydrocarbons  with  liquid 
deuterium  fluoride  in  the  presence  of  and  in  the  absence  of 


_ 

U«Raorntcu 
^  *  +BFj 

MeTsjntafcaeraaeui  . 

^  *  +BFs 

7  »  +BFa 
illS'KjioneaTiia  +BFs 


l-Bubstanoej  S-hours;  3-degree  of  exchange  (^)j  4-cyolohe- 
xanej  S^methjlcyelohexane;  6~decalin;  7-cyolopentane. 

The  coittparisons  presented  in  this  report  for  reaction 
yelooltles  of  hj^diogen  exchange  are  extremely  sketchy  but 
they  nevertheless  give  a  descriptive  notion  of  how  muc 
broader  becomes  the  entire  area  of  base-acid  catalysis  or 
of  hydrogen  exchange  when  protophillc  and  protogenic  sol¬ 
vents  can  be  used  instead  of  amphoteric. 

6.  EFFECT  OP  DF  AND  POLARITY  OP  SOLVENT  MOLECULES 

ON  DEUTEROEXCHANQE. 

Above  we  were  engaged  In  a  comparison  of  exchange 
reactions  velocities  in  amphoteric  solvents.  On  the 
basis  of  work  by  Ye.  A.  Yakovleva  It  Is  possible  to  say 
something  about  the  indirect  hydrogen  j-hjarious 

protophillc  solvents  -  liquid  <i®hteroaramonla,  anhydrous 
deutero-hydrazlne,  and  anhydrous  deutero-ethylene-diamlne. 
The  results  of  experiments  (pk)  with  fluorene, 
methane,  quinaldlne  and  di -phenyl-methane  are  presented 
in  Table  7,  from  which  it  is  clear  that  ^^ae  velocity  of 
exchange  reactions  with  N2D/J,  and  ND2OH2CH2ND2  a3:*e  gr 
by  1-1.5  orders  than  with  ND3.  The  exchange  with  hydrozine 
proceeds  faster  than  with  ammonia  despite  the  fact  that  tri- 
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Table  7 

Values  pk  at  hydrogen  exchange  of  some  organic  substances 
in  various  protophilio  solvents. 


j 

2 

PnerBOptntJfh ' 

KD, 

SDfiihCU,HT>, 

N,D. 

B<l*.«yopeii 

25 

3,7 

2,0 

_ 

/le  ^  4 

120 

6,7 

^Xaiia.-ibaiia 

120 

7,2 

6,9 

j^Jln^c’uaaucTBB 

120 

7fi 

(6,7) 

phenyl-methane  and  diphenyl -methane- soluble  in  liquid  am¬ 
monia  are  poorly  soluble  In  hydroaine  and  the  reaction  pro¬ 
ceeds  in  a  heterogenous  system  (the  pk  values  are  placed  in 
s©  s }  • 

Let,  us  turn  to  Table  1,  characterizing  the  proper¬ 
ties  of  solvents, 

The  dlelechric  constants  of  liquid  ammonia  and  ethyl- 
diamine  are  almost  identical,  but  the  polarity  of  the 
second  solvent  molecule  is  greater  and  -  If  vre  judge  by  the 
values  of  its  dissociation  constant  in  water  -  It  is  a 
stronger  base.  It  is  probable  that  this  is  the  reason  for 
Its  faster  exchange  compared  with  ammonia. 

Hydrazine  is  a  weaker  base  than  ammonia  but  its 
molecule  is  more  polar  and  its  DP  is  more  than  three  times 
greater  /52  and  iB/,  ^‘^e  are  inclined  to  think  that  this 
fact  la  responsible  for  the  speedier  exchange  with  hydra¬ 
zine  and  this  is  also  noticed  in  experiments  with  sodium 
acetate.* 

As  to  the  effect  on  the  velocity  of  the  hydrogen 
exchange-  of  DP  and  the  polarity  of  the  solvent  molecules, 
all  that  was  successfully  demonstrated  by  a  comparison  of 
kinetics  exchange  in  two  acid  solvents  -  liquid  hydrogen 
bromide  and  liquid  hydrogen  fluoride, 

Xa,  M.  Varshavskiy  and  M,  G,  Lozhkina  /41,  40/ 
measured  the  velocity  of  the  hydrogen  exchange  reactions 
betxireen  benzine  and  liquid  DP.  The  velocity  appeared  to 
be  4,3  times  greater  than  the  -velocity  with  DBr.  Sharp 
acceleration  of  exchange  with  DP  was  substantiated  by 
experiments  with  tatuene,  where  the  same  degree  of 

•i^rhaos,  "the  fact  that  the  niwiber  of  hydrogen  atoms  in 
molecules  of  the  two  last  solvents  is  greater  than  In  the 
molecule  of  ammonia  (statistical  factor)  is  of  some  impor¬ 
tance  • 
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exchange  (n  =  4,8)  waa  i*©aoh©d  at  20®  coi:*i?©spondlagly  aftei* 

6  and  90,000  min. 

An  otohersration  of  A,  V.  Vedeneyev  and  M,  0.  Lozhklna 
/34,  40/  is  worth  noting  -  the  exchange  of  all  atoms  of 
phenol  hydrogen  and  its  esters  in  liquid  deuterium  fluoride, 
in  contrast  to  the  exchange  of  deuterium  bromide,  which  is 
limited  only  to  three  hydrogen  atoms  of  the  aromatic  rings. 
Therefore,  with  DF,  the- exchange  proceeds  easier  than  with 
DBr  (see  Table  5)*  ' 

In  the  series  of  hydrogen  halides,  the  acid  proper¬ 
ties  Increase  from  fluorine  to  iodine,  and  the  hydrogen 
fluoride  appears  much  less  acidic  than  hydrogen  bromide 
{see  Table  t),  but  in  the  liquid  state  it  has  a  DP  20  times 
greater  than  the  DP  of  bromide  (DP  =  80  and  4  corresponding¬ 
ly),  The  DF  molecule  is  more  polar  than  the  DBr  molecule. 
These  differences,  we  believe,  are  connected  with  the  speed¬ 
ing  up  of  the  exchange  reactions,  when  the  substances  are 
lissolved  in  DF. 

7.  EFFECT  OP  SUBSTRATUM  CKARCS  AND  OATALIZSR 
ON  DEUTEROEXCHANGS. 

Let  ua' pause  to  consider  the  effect  of  catalyzer  and 
substratum  charge  on  the  velocity  of  the  catalytic  reactions 
in  relation  to  IfF  solvent.  This  relationship  was  made  ap¬ 
parent  and  proven  experimentally  by  Be mated  on  an  example 
of  a  reaction-catalyzed  by  baaes«of  dissociation  of  nltro- 
amide  in  vrater  (DP  =  SO),  M-oresole  (DP  ~  13)  and  lao- 
amy  1-alcohol  (D?  =:  5.7)  /see  42,  43,  2,  31/. 

The  relative  velocities  of  dissociation  in  the  named 
three  solvents  upon  catalysis  of  the  benzoate  ion  and  the 
molecule  of  aniline  are  given  in  Table  8,  from  which  it  is 
clear  that  upon  catalysis  by  ion  of  benzoate  the  velocity 
constants  increase  in  the  direction  from  water  to  m-cre- 
sole  and  to  iso-amyl-alcohol,  because  polarization  of  the 
substratum  molecule  in  the  area  of  anion  Increased  with 
decrease  of  DP  of  the  solvent.  On  the  contrary,  upon 
catalysis  by  an  electro-neutral  molecule  of  aniline,  the 
constants  decrease  with  the  same  sequence;  high  DP  contri¬ 
butes  to  proton  transition  from  one  electro-neutral  mole¬ 
cule  to  another. 

It  is  entirely  natural  that  an  analogous  effect  must 
also  be  observed  with  reactions  of  hydrogen  exchange  and 
at  the  same  time  it  is  possible  to  foresee  that  in  the  case 
of  alkali-catalysis  the  negative  charge  of  the  substratum 
v/111  retard  the  exchange  reaction,  catalyzed  by  a  base, 

©cause  it  tends  to  Impede  the  drawing  off  or  breaking  away 
of  the  proton.  The  negative  charge  of  the  catalyzer  inter¬ 
feres  with  the  approach  with  the  similarly  charged  substratum. 
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sapeclally  at  low  DP  of  the  solvent  12/,  Upon  aeid 

catalysis,  the  retardation  of  the  reaction  will  bring  about 
i  positive  charge  in  the  substratum  because  it  will  Impede 
ihe  junction  of  the  deuteri tua  to  the  substratum^  which  is  a 
prerequisite  to  an  exchange  reaction. 

Indeed,  from  Ye*  A.  Yakovleva  /44/'a  work  it  is  ap¬ 
parent  that  the  velocity  of  the  hydrogen  exchange  in  acetate 
Lon  with  heavy  v/ater  (DP  =  80)  and  with  deutero-ammonia 
(DP  =:  16)  is  almost  identical  and  somewhat  less  than  the 
reloci ty  exchange  in  anhydrous  deutero-hydrazine  (DP  =  52)* 
Phe  following  values  were  obtained  for  pk:  7,2j  7.7?  6*5* 
'here  is  hardly  a  difference  (Pk.pQO  =  and  4,5)  iu  con¬ 
stants  of  the  velocity  exchange  at  identical  concentration 
5f  ions  (1  n.)  0D“  in  DgO  and  in  ND^,  catalyzing  the 

r'eactions.  In  order  to  make  clear  to  what  extent  the  charge 
3f  substratum  influences  the  reaction  velocity,  catalyzed 
?y  Iona  ND^,  it  is  sufficient  to  recall  that  in  the  absence 

?f  a  catalyzer  hydrogen  exchange  with  liquid  deutero- 
unmonia  In  the  ion  of  acetate  and  in  the  molecule  of  quinal- 
iine  proceeds  at  the  same  temperature  (120®)  and  with  almost 
the  same  velocity  (pk  =  7,7  and  7.2),  but  In  order  to  achie^^e 
:lase  velocity  exchange  (pk  =4,4  and  4)  upon  catalysis  by 
Dotassium  amide,  it  is  necessary  to  conduct  the  reaction 
■fith  the  ion  at  120®  and  c^^  1  n, ,  whereas  reaction  with  the 
aoleeule  proceeds  at  -30®  and  411  0»02  n, 

The  retardation  of  the  exchange  of  reaction  catalyzed 
oy  anions  in  the  presence  of  a  jtiegatively  charged  substance 
Ls  substantiated  by  A*  V,  Vedeneyev  /34A  4t  a  concentra¬ 
tion  of  potassium  amide,  equal  0,4  n,  and  at  50®,  the 
exchange  of  hydrogen  in  an  ion  of  phenolate  proceeds  with 
a  velocity  smaller  by  3  orders  compared  to  benzene. 

The  retardation  of  the  exchange  reaction  catalyzed 
by  acid  in  the  presence  of  a  positive  charge  of  the  sub¬ 
stratum  was  substantiated  experimentally  by  comparing 
velocities  of  the  hydrogen  exchange  reactions  in  aromatic 
hydrocarbons. 

Hydrogen  in  anthracene  exchanges  with  liquid  DBr 
5-6  times  faster  than  in  benzene  /37/.  Knowing  that  the 
•'Sactlon  velocity  of  the  hydrogen  ewchange  between  benzene 
and  D?  is  greater  by  4,3  orders  than  with  DBr,  it  is  natural 
to  expect  that  the  exchange  between  anthracene  and  deuterium 
fluoride  would  proceed  immeasurably  fast.  However,  it 
appeared  /40/  that  hydrogen  in  anthracene  exchanges  with  DF 
at  least  by  one  order  slower  than  the  reaction  of  the 
hydrogen  exchange  taking  place  between  benzene  and  DP, 

The  presented  facts  are  easily  explained  if  we 
remember  the  strong  ionization  of  anthracene  dissolved  in 
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-  Table  8 

relocity  of  catalytic  dissociation  of  nltnamlde  in  various 

solvents. 


^  PlCTIHJpiftftJII*  I 

1  Hmmmvnp 

H,0 

3 

y  jin-13 

^  «n-5.7 

CgHjCOO- 

1 

28 

90 

QHsNH, 

1 

0,06 

-catalyzer;  2- solvent;  3-lso-05H^0Hf  4-BP-. 

.Iquid  HP,  which  was  indicated  by  Elatt’s  A5/  measurements 
>f  eleotroconduotlvity  and  boiling  temperature  of  solvents, 

I  proton  (or  deuteron/  joins  a  molecule  of  anthracene  almost 
ixcluslvely  in  the  meso-position  /40/*  Therefore,  the 
exchange  of  meso-atoms  proceeds  rapidly  and  the  exchange 
>f  the  remaining  atoms  of  hyd3?ogen  in  ion  is 

,mpeded«* 

According  to  Reid  A?/,  the  addition  of  3P  results  in 
rull  ionization  of  anthracene  in  liquid  HP^,  Therefore,  in 

igreement  with  the  presented  treatise,  the  presence  of  BP, 
lot  only  does  not  increase  but  actually  decreases  the  isotope 
jxchange  of  hydrogen  in  anthracene  by. limiting  the  exchange 
)nly  to  two  atoms.  For  example,  in  a  solution  containing 
(0,4  mole/1000  g  DP),  after  2  hours  2  atoms  of  hydrogen 

ire  exchanged  (meso-atoms),  but  without  BF,  during  the  same 
ilme,  an  exchange  of  9  atoms  is  achieved,  whereas  in 
lenzene  with  catalyzer  after  one  half  hour  5  atoms  are 
exchanged  and  in  the  presence  of  BP^  (0*t  mole/1000  g  DP) 
i  complete  exchange  of  hydrogen  ocours  in  less  than  2 
linutes. 

In  increase  of  the  number  of  condensed  rings  leads 
o  an  increase  of  strength  of  the  aromatic  hydrocarbons  as 
jases  /14/  and  to  heightening  the  degree  of  their  ionization 
.n  DP  /48/  /45/.  Correspondingly  (Table  9),  the  velocity 

I.  Kabachnik  called  our  attention  to  the  fact  that  the 
ondltion  for  this  is  a  retardation  of  the  anthracene 
.onlzation. 

Besides  electrostatic  action  of  the  charge  during 
ihe  exchange  reaction,  the  change  in  the  distribution 
)f  the  electron  density  in  molecule  of  the  substance,  which 
.s  caused  by  ionization,  is  important. 


16 


of  the  hydrogen  exchange t  catalyzed  by  decreases  in 

sequence  benzene  >  naphthalen0>  anthracene. 

Table  9 

Telocity  of  the  hydrogen  exchange  catalyzed  oy  boron- fluoride 
in  benzene,  naphthalene  and  antracsne. 


t  Batiecm 

9-  KC«K»«T|MII»Bff  _ 
BF.iwaa/lwWrDF 

3  A,  mm. 

fBo83oa 

0,1 

S' 

• 

itio 

4  H  Shanes 

0,2 

0 

80 

20 

TAatpaacs 

0,4 

120 

l-subatanoej  2-concent  ration  BF-*  mole/tOOO  g  BPj  ■  3-  min.; 
4-  ^  exchange;  5“*  benzene;  6-nciphthaleiX© j  7“ant,Qr&cene. 


that 


At 

IS, 

t  i  o  -M  n.a  s 
there  par 


the 


aaiae  time  on  dissolving  in  liquid  DBr, ,  - 
vjhen  in  of  tlio  lovr  DP  of  the  aolvexit  ioniza- 

no  essential  value,  and  in  the  exchange  reaction, 
tSrjipate  electro! 


neutral  ffiolecules  of  hydrocarbons 
-  the  exchange  is  accelerated  with  the  ssiae  sequence; 
berxzene  naphthalene  4.  anthracene. /W*  depends  on 

the  fact  that  the  stronger  the  base  the  easier  is  the 
occurence  of  deuterors  transfer  to  a  molecule  of  hydrocarbon, 
which  -  as  w.as  noted  above  -  is  the  necessary  stage  of  tne 

hydrogen  exchange  reaction  with  acid. 

Thus  one  and  the  same  Gs.use  —  acid-base  xHt/eraotlon 
with  aroiaatlo  hydrocarbon,  having  non-equivalent  hydi^osen 
atoms  -  mav  lead  -depending  on  the  conditions  of  the  Oi 

the  reaction  -  to  diametrically  opposite  consequences i  to 
the  reversal  of  the  order  of  the  relative  velocity  reactions 
of  the  hydrogen  exchange. 

Thus,  v<e  are  convinced  that  besides  protophilic  ana 
r>rotogenic  properties  of  the  solvent  and  the  catalyzer, 
whlch~of  course  exert  great  influence  during  the  hydrogen 
exchange  reaotlbns  it  is  necessary  to  take  into  account 
at  least  the  followiiig  parameters;  structural  peculiar! i/.ies 
and  the  charge  of  the  substratum  and  the  catalyzer;  ana  Dr 
of  the  solvent  and  the  polarity  of  its  molecule.  These 
parameters  permit  a  change  of  the  hydrogen  esehange  velocity; 
faster  exchange  may  occur  in  a  solvent  less  basic  or  l®ss 
acid;  it  is  possible  to  retard  the  exchange  despite  greater 
protonhilic  or  protogenlo  properties  of  the  reagents. 
Therefore,  a  comparison  of  the  velocities  of  hydrogen 
exchange  reactions,  without  consideration  of  other 


stances,  mav  lead  to  erro^leous  conclusion  as 


circuffi- 
to  relative 
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.cldity  or  alkalinity  of  substances.  The  best  confirmation 
»f  this  is  the  fact  of  reversal  of  the  sequence  of  the  velo- 
ilty  of  the  hydrogen  exchange  of  aromatic  hydrocarbons, 
‘egardlng  which  the  above  story  was  related, 

8,  PARTICIPATION  OF  SOLVENT  IN  CATALYTIC  EXCHANGE 

Unquestionably,  the  exchange  reaction  is  connected  with 
»roton  (or  deuteron)  transition  from  substratum  to  catalyzer 
>r  from  catalyzer  to  substratum,  while  a  complete  transition 
.8  not  obligatory*  Undoubtedly f  particlpS'tion  of  solvent  in 
ihe  exchange  reaction  is  of  Importance,  This  Is  apparent 
from  the  fact  that  thou^  the  ion  CgHgO”  Is  deprived  of 

leuterium  the  isotope  exchange  occurs,  and  it  is  clear  that 
.t  Is  caused  expressly  by  the  OgH^O’*  ion,  because  otherwise 

ihe  latter  would  not  be  able  to  perform  the  function  of 
jatalYzer.  It  follows  that  the  solvent  participates  in  the 
:‘eaetion.  Therefore,  it  is  of  interest  to  know  how,  with 
ihe  same  aubstractum  and  catalyzer,  the  velocity  of  the  reac¬ 
tion  changes  with  the  change  of  the  solvent,  Its  peculiar- 
Ities,  -nronertles,,  constants.  This  question  Is  as  yet  insuf- 
rioientiy  illuminated  and  its  exploitation  may  result  in 
Introducing  new  understanding  of  the  exchange  mechanism. 

Ct  Is  necessary,  of  course,  to  remember  that  sometimes 
ind-et:*  the  influence  of  solvent,  the  catalyzer  may  change j 
for  Instance,  In  an  excess  of  alcohol,  the  hydroxy 1-lon 
turns  into  a  ethoxy-ion  /23/*  ,  ^  , 

Ye,  A,  Vakovleva  and  Ye,  N,  Evagltseva  obtained  some 
facts  relative  to  hydrogen  exchange  catalysis  in  methenyl  ‘ 
group  of  tri-phenyl-methane  by  OgH^O  ion  in  ethyl  alcohol 

a,nd  ethyline-diamine  and  by  the  NH2GgH2{.0  ion  in  ethyline- 

iiamine  and  ethanolamlne.  It  was  found  that  though _at  a 
concentration  of  CgH^O"  in  alcohol  equal  to  1  n,  and  of 

f\Up02H2(.0  in  ethanolamlne  equal  to  0,  t  n, ,  the  constants 
ofthe  velocity  exchange  reactions  are  equal  correspond¬ 
ingly  to  3.10“5  and  2,10*“5  sec,"^  at  120®,  the  same  cata¬ 
lyzers  dissolved  in  anhydrous  ethylenediamine  at  concen¬ 
trations  less  than  0.1  n.  lead  to  complete  exchange  of  the 
methenyl  hydrogen  of  trl—phelyl— methane  after  1 5  min,  at 
temperature  25®,  The  work  continues, 

9,  CATALYTIC  IS0^!ERIZATI0N  OP  HYDROCARBONS. 

Acid-base  catalysis  of  the  hydrogen  exchange  sometime 
is  accompanied  by  catalysis  of  the  hydrocarbon  isomerizaulon. 
The  Toresence  of  isomerization  is  evident  through  the  change 
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-  Table  10 

Isomerization  examples  of  hydrocarbons. 


f  BemBonO 

3 

9‘n.o  oBtira 

C,  nocne  omtta 

7neBieB-2  (aarep.  aaBHue): 

$  rpaSc 

UHC 

tfSHBaABaji: 

S  AO  OHMta 
^  nouie  onura 

IIAanponeHBJi  (awrep.  xaHMue) 

l^eTB-'iURiuioDeBTaH: 

5"  AO  onuTa 
^  iioc;ie  oButa 

l(BiuiorcKcafi  (aSTep.  aobhuo] 
J(eKaaBa: 

5*  AO  oBUTa 
^  6  nocae  onura 
*7(cKaaHH  (amep.  AanHue): 
^BHC 
g  rpanc 

PaenopKNHiB 

29.5 

S6,0 

87,0 

36. 5 

59 

82 

i(,  82 

PacTBop  BFs  B 

71.6 

77,0 

80.7 

191,0 

186,5 

193,8 

185,3 

BtBAROMNHa 

1,8719 

1,8810 

1,8822 

1,3790 

1,4040 

1,4612 

acBAKOH  HF 

1,4097 

1,4220 

1,4262 

1,4770 

1,4696 

1,4804 

1,4701 

I- substanoej  2«-  t,  boiling  3-  solution  KI'IH2  liquid 

4-  pentene  -  1 ;  5-  before  experiment;  6-  after  e^erlment; 
7-  Dentene  -2Uit.data);  8-  trans-;  9-cls-;  10-^allyl; 

II- di-propenyl  (lit,  data);  12-methyl-eyclo-pentane: 

1 3-eyclohexa-ne  (lit,  data);  14-decalin;  15“dicalln  (lit, 
data);  l6-solutlon  BF3in  liquid  HP, 

of  constants  and  the  appearance  of  new  frequencies  in  the 
substance's  spectral  oscillations.  Table  10  gives  some 
examples  of  hydrocarbon  1  some rizat ions,  catalyzed 
tlons  of  potassium  amide  in  liquid  ammonia  (H*  M,  Dykhno, 

L,  IT,  Vasileva,  see  /50/»  also  /5l/)  and  tri-fluoride  boron 
in  liquid  hydroge  fluoride  (Ya,  M,  Varshavskiy,  M,  G. 

Lozhklna).^^  treatment  of  cyclohexane  with  aluminum  bromide 
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in  liquid  hydrogen  bromide,  there  appears  a  band  with  fre¬ 
quency  S90  cm.“  In  the  spectrum  of  the  combined  dispersion 
of  the  hydrocarbon  which  is  typical  for  methyl cyclopentane 

'  Isomei’ization  of  hydrocarbons  accompanying  reactions 

of  hydrogen  exchange  in  the  noted  solvents  upon  action  of  the 
named,  catalyzers  is  as  yet  insufficiently  studieo-  and  the 
soecific  mole  which  Is  played  by  it  is  not  clear.  For 
instance,  in  order  to  exialain  how  complete  hydrogen  excnange 
is  achieved  in  ethylene  hyd.rocarbons  with  a  long  chctii  of 
ca.rbon  atoms  and  a  double  bond  at  the  beginning  or  in  alicy- 
clic  hydrocarbons  v;ith  a  double  bond  in  side  chain,  it  is 
necessary  to  admit  that  the  potassium  amide  causes  migra¬ 
tion  of  the  double  bond  along  the  chain  of  the  carbon  atom 
and  f.rora  the  side  chain  to  the  cycle  /50,  52/.  It  is 
nosslble  that  the  hydrogen  exchange  in  cyclohexane  with 
liquid  DBr  in  presence  of  AlBr^  and  vrlth, liquid  DF  at 

catalysis  of  BF^,  Is  favored  by  the  equilibrium  Isomerization 
in  iuothyleyclohexane.  In  the  nearest  future  it  ^'.dll  be 
necessary  to  establish  the  velocity  ratio  betvreen  the 
isomerization  reactions  o.nd  the  hydrogen  exchange, 

10.  CONCLUSION 

In  this  report,  the  question  of  acid-base  catalysis 
of  hydro.«e:(i  exchange  reactions  was  discussed.  The  very  fact 
vf  such  catalysis  speaks  first  of  all  of  the  fact  that 
nydroi^en  exchange  Is  actually  caused  by  acid-base  interaotion 
-  a.  the  si  B  in.  the  foundation  of  which  the  Isotope  Reactions 
Laboratory  was  actively  ■Darttcipatlng,  The  majoirty  of  the 
p&.rm.Qtera  vrhioh  influence  velocity  of  hydrogen  exchange 
react 3.0ns  were  Tlsualized  on  the  bs-sis  of  the  existing 
theory  of  acid-base  equilibrium  and  catalysis  of  Bernsted, 
There  parametex'S  vrere  made  distinctly  a,pparent  in  works 
suTftmarized  in  the  report.  Moreover,  it  Is  now  clear  that 
tbo  Bora  81/6 d  only  s-pppoxlsifitfOly  dosopibos  3rCid"*b<5..so 

■Drocessoa,  because  the  latter  do  not  necesssrlly  amount  to 
simple  croton  transition.  For  further  development  of  the 
theory,*  an  aecumulation  of  new  exj^erlmental  material  will 

be  of  assistance,  '  ,  .  .x. 

Though  in  this  report,  dedicated  to  catalysis  of  tne 
hydrogen  exchange,  little  was  said  rels^tlvs  to  the  mechanism 
of  the  x^rocess,  3.t  is  obvious  that  this  question  xa  impossible 
to  discuss  without  consideration  of  the  laws  of  acid-base 
catalysis  of  exchange  reactions. 
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